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Glial cells are historically known for
their role in regulating extracellular
potassium concentration. It was postu-
lated almost 50 years ago (1) that
astrocytes were important for clear-
ing activity-induced rises in extracel-
lular potassium and that astrocytes,
via manipulation of extracellular po-
tassium concentration, may regulate
neural network activity. Subsequent
work in the leech central-nervous-
system preparation (2) and isolated
retinal Muller cells (3) helped solidify
glial ability to buffer extracellular
potassium, but it was only recently
shown that astrocytes can be recruited
to actively regulate extracellular potas-
sium concentration with indirect
effects on neural network activity (4).
Potassium spatial buffering is the
capacity of astrocytes to redistribute
locally elevated extracellular potas-
sium following neuronal activity.
Evidence from acute slices and astro-
cytic cocultures suggests redistribution
is directed to sites of low extracel-
lular potassium, to prevent subsequent
changes in membrane excitability.
Due to the tortuosity and lack of extra-
cellular space in the complex mamma-
lian central nervous system, the bulk of
this redistribution is achieved through
the high selective potassium conduc-http://dx.doi.org/10.1016/j.bpj.2013.09.056
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significant astrocytic gap junction
coupling. The general understand-
ing has been that astrocytic inwardly
rectifying potassium channels are
important for establishing baseline
extracellular potassium levels and as-
trocytic resting membrane potentials,
in addition to playing a role in mini-
mizing the postactivity undershoot in
extracellular potassium concentration.
Active uptake of potassium by the
Naþ/Kþ ATPase has been considered
the major driving force behind buff-
ering of activity-induced potassium
rises (5,6).
Based on early computer modeling,
astrocytes were originally suggested
to regulate cerebral blood flow by Kþ
siphoning (7). However, subsequent
experimental testing of this model in
retinal explants was unable to confirm
a role for potassium in neurovascular
coupling (8). Despite this lack of a
role for Kþ in neurovascular coupling
in the retina, evidence strongly sup-
porting a role for Kþ in cortical
neurovascular coupling has been exper-
imentally confirmed (9,10). In this
issue, Witthoft et al. (11) incorporate
and highlight the importance of astro-
cytic inwardly rectifying channels in
a new computer model showing that
these channels accelerate siphoning of
potassium into the perivascular space.
This helps reconcile the long delay to
functional hyperemia predicted by
previous models that did not consider
astrocytic inward rectifying channels.
Witthoft et al. (11) also address and pro-
vide a framework to integrate astrocytic
IP3 and Ca
2þ-mediated release of epox-
yeicosatrienoic acids (EETs) into the
Kþ siphoning hypothesis. As such, it
would suggest that all Gq-coupled
receptors (mGluR1, mGluR5 gluta-
matergic, a1-adrenergic, M1, M3, M5
muscarinic, 5-HT2 serotonergic, and
H1 histaminergic receptors) on astro-
cytes may elicit similar effects on the
vasculature.
The model proposed by Witthoft
et al. (11) relies on mGluR and IP3
signaling pathways. However, thissignaling pathway may not apply to
adult animals lacking mGluR-medi-
ated calcium signaling (12). Interest-
ingly, they provide data that suggest
the mGluR/IP3 signaling pathway is
only important with weaker stimula-
tions. The relatively large potassium
rises used in their model were suffi-
cient to result in very similar vasodi-
lation responses when glutamatergic
signaling was omitted. Thus, the potas-
sium-siphoning model for neurovascu-
lar coupling appears to be a very basic,
and possibly ubiquitous, mechanism
for coupling dilation to large activity-
induced changes in extracellular po-
tassium. Smaller, more refined effects
on the vasculature likely result from
the integration of nitric oxide, EET,
and cyclooxygenase pathways that are
closely linked to the local tissue meta-
bolic state (13). In fact, potassium-
mediated neurovascular coupling may
explain the residual cortical vasodila-
tion seen during vibrissal stimulation
under conditions where all the above-
mentioned pathways are blocked phar-
macologically (14). As Witthoft et al.
(11) point out, posttranslational modi-
fications of TRPV4 and BK channels
may alter channel kinetics that would
alter the relative contribution of this
pathway. Thus, potassium contribu-
tion to vascular responses probably
varies considerably depending on
levels of local activity and metabolic
demands. It may be reasonable to as-
sume, however, that Kþ siphoning
always contributes to vasodilation un-
der conditions of high or excessive
neural activity.
Another very interesting aspect of
the model proposed by Witthoft et al.
(11) is the inclusion of a bidirectional
communication scenario whereby ves-
sels can also affect astrocytic stretch-
activated TRPV4 channels on the
foot processes via changes in vessel
diameter. Stretch or strain activation of
surrounding astrocytic foot processes
opens TRPV4 channels, allowing
FIGURE 1 Back-propagation of vasodilation through astrocyte vascular endfeet. As outlined in Wit-
thoft et al. (11), large-activity-induced potassium increases will result in astrocyte depolarization and
siphoning of excess potassium to the gliovascular interface, where it activates inwardly rectifying potas-
sium channels on arteriole smooth muscle, resulting in hyperpolarization and relaxation/dilation. This
dilation results in stretch of glial foot processes and opening of TRPV4 channels, allowing calcium in
to activate BK channels. This will further flood the perivascular spacewith potassium, enlarging and ex-
panding the dilatory response. As the dilation expands, the stretch will activate TRPV4 channels on the
adjacent nonstimulated astrocyte process, initiating the same processes leading to further dilation. This
cascade can jump from foot process to foot process being regeneratedwith each jump,much like saltatory
jumping of the action potential down myelinated fibers. In this way, local dilatory signals can rapidly
propagate back up the vascular tree to dilate the larger supply arteries.
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This activates BK channels and permits
potassium to flood the perivascular
space, leading to smooth muscle in-
ward rectifier-mediated hyperpolar-
ization and vasodilation. This pathway
may be important for quelling vasomo-
tion or spasticity as the authors sug-
gested in a previous work (15), but
may also have interesting implications
for propagating astrocytic endfoot cal-
cium-mediated (BK channel) dilation
along the vascular tree to dilate feeding
arteries/arterioles (Fig. 1). Thus, astro-
cyte endfeet alone may be sufficient
for rapid propagation of Kþ-mediated
dilatory signals along the vasculature.In summary, the model proposed
by Witthoft et al. (11) integrates Gq-
coupled IP3 and EET production with
existing potassium homeostatic mech-
anisms to provide an elegant means
for neurovascular coupling. Extending
this model as a framework to include
astrocytic nitric oxide, EET, and cy-
clooxygenase pathways under more
modest activity scenarios firmly places
astrocytes as primary conduits for neu-
rovascular coupling.REFERENCES
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